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(2) Japanese Patent Application Laid-Open No. 1 0-2 1 4785 (1 998) 

"SEMICONDUCTOR THIN FILM AND DEPOSITION METHOD 

THEREOF" 

The following is an English translation of an extract of the above application. 
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A crystal structure is kept in good order by depositing a semiconductor thin film 
physically or chemically, introducing impurity element into the semiconductor thin film and 
irradiating the semiconductor thin film with a laser light having a wavelength at which 
resonance absorption with respect to lattice vibration of constituent element occurs, and the 
10 electric carrier is activated by irradiating the semiconductor thin film with a laser light 
having a wavelength at which resonance absorption with respect to lattice absorption of 

impurity element occurs. 

A crystal 3C-SiC thin film is deposited on a substrate 17 (Si) using a laser CVD 

method in advance, and N ion is implanted thereinto. 
15 The reforming of the semiconductor thin film is carried out by irradiating the thin 

film in which N ion is implanted with a free electron laser 10. 

With a fourier transformation infrared absorption measuring method (FT-IR), a 

change of its absorption degree is measured as IR absorption spectrum. The result of 

which is shown in Fig. 3. Here, a sample thin film (•) in which a laser beam for 
20 reforming is not irradiated, N ion implanted thin film (A) in which N ion is implanted and a 

laser beam for reforming is not irradiated, and a reforming thin film (O) in which N ion is 

implanted and a laser beam of 12.6 » m for reforming is irradiated are shown at the same 

time, for comparison. 

As seen from Fig. 3, as a result of changing a wavelength within a range of 9 to 14 
25 Aim, there are peaks seen at 12.6 Aim and 10.3 m m, respectively. This indicates that 
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absorption corresponding to TO phonon and LO phonon of SiC, and it is clear from the Fig. 
3 that the peak of 12.6 n m widens after ion implantation is performed. It is presumed that 
a damage layer is formed due to ion implantation and this damage layer causes a widening 
of the peak. And when the free electron laser light having a wavelength of 12.6 n m is 
5 irradiated, the expansion of the peak decreases again in its wavelength. This 
phenomenon indicates that crystallizability of the damage layer is greatly recovered in its 
wavelength. 

For comparison, the result of irradiating reforming wavelength of 10.3 n m, which 
is another peak is shown in Fig. 4. In this example, absorption spectrums with respect to 
10 the sample thin film (•), the N ion implanted thin film (A) and the reforming thin film 
(O) are shown. As seen from Fig. 4, there is no change in expansion of wavelength peak 
at wavelength of 12.6 n m, therefore it is considered that the damage layer remains due to 
the implantation of N ion, and that crystallizability of the damage layer is not notably 
recovered. 

15 As is made clear from the foregoing, it is shown that the SiC thin film material 

creates a local crystallinity at ambient temperature in response to a strong resonance 
absorption due to an elongation oscillation of SiO at a specific wavelength at which 
absorption characteristics of the irradiated laser light reaches its peak. 

Next, to observe the activation of electric carrier resulting from impurities which 

20 are introduced into the thin film material, a wavelength dependency of electrical 
characteristics is studied, while changing irradiation wavelength of the free electron laser in 
the range of 13-10jum. Hall effect measurement of the sample after being irradiated 
with the laser light is carried out. Fig. 5 shows a relationship between carrier 
concentration obtained by the Hall effect measurement and a Hall mobility's wavelength 

25 dependency with respect to an irradiating light wavelength. In Fig. 5, ■ and indicate 
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a change of the carrier concentration and the hole mobility, respectively. 

As seen from Fig. 5, as for the carrier concentration, a significant change is seen 

when the wavelength is in the vicinity of 10.4 u m. This is because a local oscillation of 

impurities Si-N is excited at a wavelength of 10.4 ju m. When an activation rate of the 
5 carrier concentration is estimated, it becomes clear that an approximately 100% of 

activation rate is obtained at the peak position of the ion implantation. Such value cannot 

be obtained using a conventional heat treatment method. 

As discussed above, it is also shown that it is possible to activate the local electric 

carrier at ambient temperature by irradiating the free electron laser light having a 
10 wavelength corresponding to the strong resonance absorption resulting from stretching 

vibration of Si-N. 
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